The rapid growth of household waste not only endangers the environment and people's health, but also limits social and economic development. The effective sorting and recycling of garbage can control this problem. Adopting a semi-quantitative case study method, our researchers investigated the effect of a bonus point system for refuse classification that improves the accuracy of refuse classification and the residents' environment awareness. In the system, residents will receive some gifts after sorting the garbage correctly. We also investigated the attitudes of residents and companies towards this novel system. Our researchers employed various methods to analyze garbage-sorting data, questionnaires completed by residents, and interview records. The results show that use of a bonus point system affects the management of domestic waste by improving the accuracy and enhancing the awareness of garbage sorting. Overall, residents support the system and benefit from it, which increases participation and consciousness of environmental protection. However, continuous publicity and coordination of various policies are required to promote the wide-range implementation and sustainable development of this system.
Introduction

Cities Besieged by Waste and Its Solution
According to statistics from the ministry of environmental protection, 256 medium or big cities of China generate nearly 180 million tons of garbage every year. The current accumulation of garbage in the country covers an area of about 800,000 acres, and space is limited [1] . At the current rate of growth, China's municipal solid waste production will reach 4.09 million tons by 2030 [2] . While the potential environmental harm of garbage is less than that of wastewater and gas, harm may nonetheless be long-lasting on both human health and the environment [3] . The rapid growth of municipal solid waste not only increases the pressure on the prevention and control of pollution, but also incurs public costs and environmental management [4] . Landfill and incineration currently make up 98% of China's municipal solid waste treatment [5] . The use of landfills results in the release of large amounts of CH 4 and N 2 O [6] , and smoke, fly ash, and slag [7] .
Some Measures That Promote Sorting in Different Countries
Some developed countries have made efforts to reduce the amount of garbage, recycle resources, limit the use of valuable land resources, and reduce the government's financial burden to deal with pollution [8] . Garbage sorting, in which material is effectively separated into material that can be recycled versus trash destined for disposal, is an important component of reducing the amount of 
Operation and Participation
This system is currently being tried in some parts of Beijing, Shanghai, Chengdu, Hangzhou, and Xiamen, which represent the most developed cities in China. The intelligent garbage rooms of the system allow garbage identification, weighing, and bar code scanning, which are often placed near the gate of the quarter (In China, people often live in apartments. Usually, a quarter is made up of around 300 apartments, with 1000 residents). For some big quarters, more than one intelligent garbage room will be used to minimize the distance garbage will need to be carried. Residents will be informed of the benefits of garbage sorting and some of the sorted garbage will be reused. The residents will receive different-colored bags, bar codes, and guide brochures. In this system, the residents must sort the garbage into seven classes ( Table 1) . As not every class of garbage on the list will be produced each day, just another two or three bins are needed for sorting in most families. Common garbage rooms are also available in the pilot quarters for the garbage that is not on the list and is unsorted. All the garbage will be collected by the Municipal Environmental Sanitation Department.
Operating Mechanism of Bonus Points
An internet integration platform is used to keep track of bonus points and exchange the points for gifts. Before using the intelligent garbage room, residents must create an account on the internet integration platform. Residents take their sorted garbage to the intelligent garbage room, and the machine in the intelligent garbage room will identify the type of garbage and its weight. Residents will receive bonus points (Table 1) . By scanning the code, residents can credit their account. Finally, residents can exchange points for gifts through the platform (Figure 2 ). When using the platform, information about refuse classification is provided. The value of 1000 bonus points is equivalent to RMB 5 yuan, which can be used on the internet integration platform. In addition, residents can also use bonus points in designated supermarkets. There are also monthly, seasonal, and annual awards for people who earn the most bonus points. 
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Operating Mechanism of Bonus Points
An internet integration platform is used to keep track of bonus points and exchange the points for gifts. Before using the intelligent garbage room, residents must create an account on the internet integration platform. Residents take their sorted garbage to the intelligent garbage room, and the machine in the intelligent garbage room will identify the type of garbage and its weight. Residents will receive bonus points (Table 1) . By scanning the code, residents can credit their account. Finally, residents can exchange points for gifts through the platform (Figure 2 ). When using the platform, information about refuse classification is provided. The value of 1000 bonus points is equivalent to RMB 5 yuan, which can be used on the internet integration platform. In addition, residents can also Sustainability 2017, 9, 1776 4 of 12 use bonus points in designated supermarkets. There are also monthly, seasonal, and annual awards for people who earn the most bonus points. After being segregated, the waste is delivered to a compression station where the waste is filtered, decontaminated, deodorized and compressed before finally being sold to some factories for recycling. The money earned will be used to support the running of the internet integration platform ( Figure 1 ). Through employing the refuse classification system, the government and the environment protection industry greatly saves money on waste disposal. The money saved can be used to establish more intelligent garbage rooms and maintain the internet integration platform. As a social public welfare undertaking, the government should fund hardware construction and daily maintenance, because the intelligent garbage room may have a high cost. Continued education efforts are also needed for the sustainable development of this system.
Research Methods
A semi-quantitative analysis method was used to collect and analyze the data [22] . Portions of Beijing, Shanghai, Hangzhou, Xiamen, and Chengdu (with the pilot bonus point system) were chosen, covering more than 3000 families and a total of over ten thousand residents. This research used the field observation method, questionnaire, and direct interview to collect data.
Accuracy of Refuse Classification
The five pilot quarters picked for this study were equipped with intelligent garbage rooms. Before carrying out this research, the researchers had informed the residents and obtained the permission from the owner committee. A month-long educational campaign was used. To assess refuse classification, the research group together with the local Environmental Health Department inspected bags in pilot quarters by opening them. (In order to avoid infringement of personal privacy and some other issues, the opening inspection was done after gathering bags together in a non-public area.) If there was one piece (for solid waste and hazardous waste) or three pieces (for kitchen waste) of garbage that failed to meet the standard, that bag was disqualified. The research group appointed two inspectors to inspect over 50 bags of sorted garbage each day to assess the accuracy of refuse classification. Each disqualified bag was photographed and recorded. Every three days of the first pilot month, this data was collected and summarized by the research group. During the following five pilot quarters, the research group opened and checked garbage bags on the first three days of each month ( Figure 3 ). This allowed them to monitor the implementation of the bonus point system over a longer duration.
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Environmental Awareness
Environmental awareness is knowledge about the environment, environmental problems, and environmental responsibility [23] . After three months' pilot of the bonus point system, the researcher selected 100 residents from the five pilot quarters (20 for each quarter) as the first group of objects (Group 1). Relatively, the researcher selected 1000 residents from quarters that have similar scale, residents' cognition level, and consistent consumption ability in Beijing, Shanghai, Hangzhou, Xiamen, and Chengdu (five quarters for each city and forty people for each quarter) as the second group of objects (Group 2). Once unqualified questionnaires were detected, new ones would be selected as objects. The researcher distributed questionnaires to these two groups and compared the results.
There is no universal indicator system for environment awareness [24] . A questionnaire was used as a measurement indicator system for refuse classification knowledge to measure the level of environment awareness. The questionnaire included two sections. The first section is multiple choice with 20 items in total and each item having only one correct answer. There were ten questions about refuse classification, five questions about environmental problems, and five questions about the 
There is no universal indicator system for environment awareness [24] . A questionnaire was used as a measurement indicator system for refuse classification knowledge to measure the level of environment awareness. The questionnaire included two sections. The first section is multiple choice with 20 items in total and each item having only one correct answer. There were ten questions about refuse classification, five questions about environmental problems, and five questions about the environment (including environmental law and environmental sciences) ( Table 2 ). The researcher judged the accuracy of the answers from the two groups and calculated each group's average grade to assess the level of environmental knowledge. The second section includes essay questions to measure residents' environmental responsibility. Five questions were designed (four for environment protection awareness and one for willingness of environmental contribution). These questions use a flexible points system, with 5 points for each question (Table 3) . Residents were asked to answer these questions independently. The researcher calculated the average grade for each group to assess the level of environmental responsibility. Table 3 . Questionnaire of environmental responsibility.
Questions
Rating Standards
Environment protection awareness (scores accumulated) 1. It is hard for people like me to do something for the environment. The researcher conducted an in-depth interview of five residents from the five pilot quarters and three staff-members from the company that runs the internet integration platform. Using a descriptive analysis method, residents' and internet integration platform companies' cognition about this system were clearly reflected.
The following graph concludes the ways in which data is collected and analyzed (Table 4) : Table 4 . Summary of data collection and analysis. 
Research Question Data Sources Methods of Analysis
Results
The Accuracy of Refuse Classification
The horizontal axis represents days, and the vertical axis is accuracy. Before the implementation of the bonus point system, pilot quarters selected in Xiamen and Chengdu had no tradition of refuse classification. During the data collection work in Hangzhou, the research work was suspended for six days because of extraordinary rainstorms. From the graph (Figure 4) , conclusions can be drawn as follows: (1) before the pilot test of the system, some people with an ordinary refuse classification system Sustainability 2017, 9, 1776 7 of 12 consciously sorted their refuse before throwing it out but with a low accuracy rate of around 32%; (2) in the first pilot month of the bonus point system, the accuracy rate of refuse classification increased and was maintained at around 70% after the first month. Therefore, the bonus point system for refuse classification improved the accuracy rate of refuse classification.
The horizontal axis represents days, and the vertical axis is accuracy. Before the implementation of the bonus point system, pilot quarters selected in Xiamen and Chengdu had no tradition of refuse classification. During the data collection work in Hangzhou, the research work was suspended for six days because of extraordinary rainstorms. From the graph (Figure 4) , conclusions can be drawn as follows: (1) before the pilot test of the system, some people with an ordinary refuse classification system consciously sorted their refuse before throwing it out but with a low accuracy rate of around 32 percent; (2) in the first pilot month of the bonus point system, the accuracy rate of refuse classification increased and was maintained at around 70 percent after the first month. Therefore, the bonus point system for refuse classification improved the accuracy rate of refuse classification. In the graph (Figure 5 ), the horizontal axis represents the month, and the vertical axis is accuracy. Influenced by the Hangzhou G20 summit (The G20 is an international forum for the governments and central bank governors from 20 major economies. Hangzhou G20 summit was convened on 4 and 5 September 2016. The government in Hangzhou established days off from 1 to 7 September), many residents in Hangzhou chose to go on a tour. During the research in September, Hangzhou appeared to be an "empty city" which in turn affected the involvement rate and accuracy rate of this research. From the above graphs, conclusions can be drawn as follows: (1) after implementing the bonus point system, the accuracy rate of residents' refuse classification was much higher than before, which means that the system has some practicability; (2) residents' awareness of refuse classification is casual to some extent and this system could not maintain a high involvement rate and accuracy rate. With the passing of time, the success decreased. Ongoing publicity and coordination of various policies may be needed; (3) residents' awareness of refuse classification might be influenced by a sense of group honor brought by some important events, such as the Olympics and a G20 summit. In the graph, it can be seen that the accuracy rate in Hangzhou during the later investigation phrase was higher than those in other cities, possibly due to the influence of the G20 summit. In the graph (Figure 5 ), the horizontal axis represents the month, and the vertical axis is accuracy. Influenced by the Hangzhou G20 summit (The G20 is an international forum for the governments and central bank governors from 20 major economies. Hangzhou G20 summit was convened on 4 and 5 September 2016. The government in Hangzhou established days off from 1 to 7 September), many residents in Hangzhou chose to go on a tour. During the research in September, Hangzhou appeared to be an "empty city" which in turn affected the involvement rate and accuracy rate of this research. From the above graphs, conclusions can be drawn as follows: (1) after implementing the bonus point system, the accuracy rate of residents' refuse classification was much higher than before, which means that the system has some practicability; (2) residents' awareness of refuse classification is casual to some extent and this system could not maintain a high involvement rate and accuracy rate. With the passing of time, the success decreased. Ongoing publicity and coordination of various policies may be needed; (3) residents' awareness of refuse classification might be influenced by a sense of group honor brought by some important events, such as the Olympics and a G20 summit. In the graph, it can be seen that the accuracy rate in Hangzhou during the later investigation phrase was higher than those in other cities, possibly due to the influence of the G20 summit. 
Residents' Level of Environment Awareness
Cognition about Environmental Situations and Environmental Awareness
The average score for the 20 questions about environmental knowledge related to refuse classification is shown in Table 5 . As seen from the above statistics, it is obvious that residents in group 1 had a higher accuracy of answering the questions on the questionnaire compared with group 2. To some extent, that shows that involvement in the bonus point system can effectively improve awareness of China's environmental crisis, environmental science and related laws, and the level of refuse classification knowledge. Overall, knowledge was improved.
Environmental Responsibility (Sense of Justice for Environment)
Environmental responsibility is the ideological basis of environment protection [25] . This is the fundamental guarantee of the fulfillment of sustainable development and will directly influence people's ideas of environment protection [26] . In this research, the mean values for each group's scores on questions related to environment protection responsibility are as follows (Table 6 ): Environment protection awareness and willingness to contribute to the environment protection function as a pivotal engine to emission reduction [27] . Higher environment protection awareness and willingness to contribute to environment protection lead to emissions reduction [28] . According 
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The average score for the 20 questions about environmental knowledge related to refuse classification is shown in Table 5 . Table 5 . Questionnaire results of environmental knowledge.
Questions Group 1 (Points) Group 2 (Points) Conclusion
Refuse classification knowledge 51 22 >29 Cognition on environment situation 34 22 >12 Environment knowledge 27 22 >5 As seen from the above statistics, it is obvious that residents in group 1 had a higher accuracy of answering the questions on the questionnaire compared with group 2. To some extent, that shows that involvement in the bonus point system can effectively improve awareness of China's environmental crisis, environmental science and related laws, and the level of refuse classification knowledge. Overall, knowledge was improved.
Environmental Responsibility (Sense of Justice for Environment)
Environmental responsibility is the ideological basis of environment protection [25] . This is the fundamental guarantee of the fulfillment of sustainable development and will directly influence people's ideas of environment protection [26] . In this research, the mean values for each group's scores on questions related to environment protection responsibility are as follows (Table 6 ): Environment protection awareness and willingness to contribute to the environment protection function as a pivotal engine to emission reduction [27] . Higher environment protection awareness and Sustainability 2017, 9, 1776 9 of 12 willingness to contribute to environment protection lead to emissions reduction [28] . According to the results from the questionnaire, in terms of environment protection awareness, the mean of Group 1 is 2.46 higher than that of the Group 2. The willingness to lower one's living standard to protect the environment in Group 1 is also higher than that of Group 2. Through comparing and analyzing of the research results, it can be seen that objects in Group 1, who are involved in the bonus point system of refuse classification, have a stronger willingness to back the welfare of the environment, and they are more willing to implement low-carbon ideas in their work and life. The researcher conducted an in-depth interview of five residents involved in this research to assess their knowledge of the bonus point system of refuse classification. Residents praised the positive effects of this innovative system on the problems of China's refuse classification. Specifically, the reasons elaborated by them are as follows: firstly, as a kind of incentive system, the bonus point system encourages refuse classification and is an important part of a "refuse reduction strategy". With the implementation of the Environment Protection Law, the promotion of a socialized way of waste reduction has become a critical driving force in refuse classification; secondly, the bonus point system encourages a higher involvement rate of local residents. This helps environment protection and residents' awareness; thirdly, the intelligent management system used here does not require high cost or human resource use; fourthly, garbage itself cannot directly produce benefits but significant additional value will be created when people from all walks of life and residents are connected on-line and off-line through using big data produced by the garbage classification intelligent management system. The garbage classification intelligent process will be accelerated by using these additional values to incentivize residents to sort garbage by setting up an off-line refuse classification community platform and an on-line refuse classification management platform.
Internet Integration Platform Companies' Cognition on the System
The researcher conducted an interview with three staff-members from the internet integration platform company. The interview results show that they affirmed the positive effects that this innovative system might present to China's current refuse classification crisis. They also made suggestions on how to improve the program. They all agreed that the promotion of a bonus point system provides a great incentive to changing residents' refuse classification behavior. Besides, the introduction of Internet intelligent management mode would greatly reduce the management costs, being more convenient for residents, thus becoming a system with higher feasibility. Staff in Shanghai Public Benefit of Green Welfare Developing and Promoting Center said the following: "In 2015, Shanghai set up the green account management and running unit and institution. In the same year in July, 'Green account internet plus' platform was officially launched. As an internet platform of the green account, it is equipped with modern scientific technology. Residents can learn refuse classification knowledge, check the points inside the green account, and give feedbacks and suggestions through channels such as official website, wechat, and APP. By the end of March 2017, after the efforts from the related departments in districts and counties and positive promotion and collaboration from social groups and the third-party companies, distribution of the single cards and set cards of green account has respectively reached 1.814332 million and 0.131730 million families. It has been in a certain scale, with the total coverage of families reached 2.415406 families and the total points of 1.27 billion points."
It takes a long time to cultivate residents' refuse classification behavior which means that the essence of the "bonus point system" lies in its sustainable development. Principal Li Zhen from Beijing Innovative Wisdom Sanitation Development co. LTD said the following: "Refuse classification is not originated from Beijing. Many cities have tried to do it. Efforts as quarters using recyclable refuse to offset the property fees and environment protection industries in Hangzhou entering local quarters to recycle recyclable refuse under bonus point system are not rare. However, the problem lies in that no matter who will give the rewards of refuse classification, the challenge of sustainable development cannot be avoided. Many tries failed in a short period after launched for the cost of running. In our country, the comprehensive utilization of waste industry is still at start-up stage. Therefore, compared with the developed countries, there is a huge gap in terms of the range of waste disposal and ways of disposal. Objectively, those are all obstacles for the going of sorted garbage and constrain the joint between the comprehensive utilization of waste industry and garbage collection."
Discussion
The Rationality and Validity of the Experiment
Though we have ignored some factors that may affect the results of the experiment, we firmly believe that this experiment testifies to the effectiveness of this system, which is practical and worth being promoted and extended. This system was mainly used in the biggest and most developed cities in China, so the people there would have been better educated, which allowed for easier promotion. Due to high costs of manpower and material, we only inspected the garbage daily for the first month and the first three days of the following six months. This may affect the accuracy of the experiment, but we conclude that this system improves the current situation of refuse management and improves public awareness of refuse classification.
An Innovative Mode to Solve the Environmental Dilemma
Use of a bonus point system can help to counter China's refuse classification problems. The bonus point system uses points to motivate residents to perform refuse classification and facilitate resource recycling. During the operation of this system, residents must sort the refuse correctly and then they will be rewarded with points that can be exchanged for daily goods. This allows residents to see a positive connection between their aims and the possibility of achieving them [29] . The system promotes residents' awareness and enthusiasm for refuse classification.
Improved Environmental Knowledge
Due to the limited popularization of refuse classification, some residents lack information about the environment and policies about refuse classification. Some districts and quarters are still outside the refuse classification system. After this study, there was improvement of public awareness of environment protection by their participation in refuse classification.
The Need of Relative Laws and Regulations for Sustainable Development
The segregation accuracy decreases over time, which means additional measures can be used together. Above all, ongoing garbage knowledge education efforts are required, including signs and advertising. There are few laws and regulations about domestic refuse classification in China, and more comprehensive refuse classification and resource recycling regulations are warranted. Pilot refuse classification cities often failed to achieve their aim because of problems related to the high mobility of their migrant populations. To maintain and enlarge the fruits of this research, firstly, we need laws and regulations on refuse classification in our country, which will ensure the implementation of refuse classification work and protect the present effects that have been achieved; secondly, we need to gradually set up a regurgitation-feeding institution. Garbage itself is the product of consumption, so the cost of recycling waste resources should be extracted from the process of production and consumption. By involving it in economic policy, the setting up of a regurgitation-feeding institution will help turn refuse management into an industry. Besides, it satisfies the concept of sustainable development and will also render the service and management of refuse classification feasible.
Conclusions
This study examined the effects of a novel environmental protection strategy, a bonus point system for refuse classification. A case study was performed for more than one year. We employed comparative and content analysis methods to analyze the data. Our main conclusions can be summarized as follows:
1.
The system constructs a new mode of garbage sorting. This is an effective method of refuse reduction, recycling, and re-utilization. Our researchers used empirical data to analyze the system. Under this system, the accuracy of residents' garbage sorting was much higher, suggesting that the system has some practicability. The bonus point system is beneficial for increased public involvement and increased accuracy of garbage sorting. 2.
Genuine knowledge comes from practice. There was improved environment awareness after implementing this system, with residents more willing to take on environmental protection responsibility. During the pilot period, there were regular activities on the internet platform that promoted garbage knowledge education. Residents were involved directly in garbage sorting, which effectively increased their awareness of environmental protection. However, ongoing publicity and coordination of various policies are still required.
Overall, our research provides strong evidence for the effectiveness of a bonus point system. This system promotes garbage sorting and enhances residents' awareness of refuse classification. However, the bonus point system is not an end but a method. The decline in accuracy over time suggests that ongoing garbage knowledge education, legislative improvement and some other methods are needed. Future studies should examine these areas and establish ways in which to finance these programs in urban environments.
